Tolpis consists of ϳ13 species native to Africa, Europe, and Macaronesia, with at least one species endemic to each of the four major archipelagos of the Azores, Madeira Islands, Canary Islands, and Cape Verde Islands. All but two of these species develop woody stems by maturity. Chloroplast DNA restriction site variation was analyzed for all species of Tolpis and four outgroups in order to understand the patterns of island colonization and evolution of woodiness in this genus. Parsimony analyses revealed a strongly supported monophyletic Tolpis. Within the genus, the following three well-supported groups were detected: all species from the Canary Islands and Cape Verde Islands, both Azorean species, and both continental species. The Canary Island/Cape Verde clade was sister to the two continental species, and the Azorean clade was sister to this group. The two Madeiran species of Tolpis occupied the basalmost positions within the genus. When biogeography was mapped onto this phylogeny, nine equally parsimonious reconstructions (five steps each) of dispersal history were detected, which fell into two groups: eight reconstructions implied that Tolpis colonized Madeira from the continent, followed by continental extinction and subsequent continental recolonization, while one reconstruction implied that Tolpis colonized Macaronesia four times. Two of the reconstructions involving continental extinction required the least amount of overall dispersal distance. The cpDNA phylogeny also suggests that woodiness arose in the common ancestor of all extant Tolpis, followed by two independent reversals to an herbaceous habit. Assuming that one of the eight reconstructions favoring continental extinction and recolonization is true, our results suggest that Tolpis may represent the first documented example of a woody plant group in Macaronesia that has recolonized the mainland in herbaceous form.
Because oceanic islands form devoid of terrestrial life, they provide useful model systems for understanding the role of colonization and isolation in plant evolution. Often the geographic isolation of these islands restricts the number of successful plant colonization events: recent molecular phylogenetic studies of island floras have documented that many endemic plant groups originated from single introductions, followed by rapid speciation and often adaptive radiation (Baldwin et al., 1998) . Some examples of island plant groups that have recently been shown to result from a single dispersal event include the silversword alliance and the lobeliods in Hawaii (Baldwin and Robichaux, 1995; Givnish et al., 1996) , Dendroseris D. Don in the Juan Fernández Islands (Kim, Crawford, and Jansen, 1996) , and Argyranthemum Sch.Bip. (Francisco-Ortega et al., 1997) and the Sonchus L. alliance in Macaronesia. However, several instances of multiple colonizations of the same archipelago(s) have been documented recently as well: Rubus L. in Hawaii (Howarth, Gardner, and Morden, 1997) , Gossypium L. in the Galápagos Islands (Wendel and Percival, 1990; Wendel, Schnabel, and Seelanan, 1995) , and Hedera L. (Vargas et al., 1999) , Ilex L. (Cuénoud et al., 2000) , Lavatera L. (Ray, 1995; Fuertes-Aguilar et al., in press) , and Olea L. (Hess, Kadereit, and Vargas, 2000) in Macaronesia.
Tolpis Adanson (Asteraceae: Lactuceae) consists of ϳ13 species that grow in the Mediterranean regions of Africa, Asia, and Europe and in all of the major archipelagos of Macaronesia (the Azores, Madeira Islands, Canary Islands, and Cape Verde Islands; Jarvis, 1980) . This genus is remarkable biogeographically because most of these species (11) are Macaronesian endemics, with at least one species native to each of the four major island groups ( Fig. 1 ; Jarvis, 1980) . Only four other genera (Carex L. [Cyperaceae] , Euphorbia L. [Euphorbiaceae] , Festuca L. [Poaceae] , and Lotus L. [Fabaceae] ) have endemic species in each of these same archipelagos (Hansen and Sunding, 1993) . However, all of these genera are much more widespread outside of Macaronesia, both in number and geographic range of species, than Tolpis. The biogeography of Tolpis thus provides an excellent system for the examination of potential multiple colonizations of Macaronesia.
Furthermore, Tolpis may possess an unusual history of dispersal. Based on their analysis of the Lactuceae using the chloroplast gene ndhF, Park et al. (2001) found Tolpis to be monophyletic and nested within the Lactuceae as a sister group to a large clade containing such genera as Lactuca L., Crepis L., Reichardia Roth, and Dendroseris. Although only five species of Tolpis were included in this study, the Azorean endemic T. Table 1 for a list of the geographical reference points used in measuring interarchipelago/continent distances.
azorica was sister to a clade that includes both continental species of Tolpis as well as endemic species from the Canary and Cape Verde archipelagos. This study suggests the intriguing possibility that the extant continental species might be derived from insular species, a pattern opposite to that found by most other studies of Macaronesian endemics. In fact, molecular evidence for continental colonization from Macaronesia is currently restricted to Aeonium Webb & Berthel. (Crassulaceae; Mes, van Brederode, and t'Hart, 1996) .
Tolpis is also interesting for its preponderance of woodiness. Except for the two annual species T. barbata and T. coronopifolia (native to the Mediterranean region and to the Canary Islands, respectively), all members of the genus have woody stems (Jarvis, 1980) . Molecular phylogenetic studies in a variety of island systems, initially in the Hawaiian (Baldwin and Robichaux, 1995; Givnish et al., 1995; Wagner, Weller, and Sakai, 1995) and Juan Fernández Islands (Kim, Crawford, and Jansen, 1996) , have indicated that woodiness typically evolves only after dispersal to the islands, possibly as a result of intense competition for resources in these stable island environments (Carlquist, 1974; see Givnish [1998] for a good recent review of insular woodiness and the evidence for the varying hypotheses involved). In contrast, some researchers have historically favored a different view of habit evolution in Macaronesia. Under their hypothesis, woodiness in some Macaronesian endemic plants is a plesiomorphic character, with herbaceous endemics derived from woody ancestors (Lems, 1960; Meusel, 1965; Bramwell, 1976) . However, recent molecular phylogenetic analyses have failed to support this evolutionary scenario for Macaronesian plant groups (for examples of Macaronesian groups in which woodiness has been shown to be derived, see Böhle, Hilger, and Martin, 1996; Francisco-Ortega et al., 1997; Panero et al., 1999) .
For this study, we performed chloroplast DNA (cpDNA) restriction site analyses of Tolpis and four putatively related genera with the following objectives: (1) to examine the pattern of colonization within the island taxa, as well as between the islands and the mainland, and (2) to determine if woodiness is plesiomorphic relative to the extant taxa in the genus.
MATERIALS AND METHODS
Leaf tissue was collected for all 13 described species of Tolpis as well as for three putative new species (denoted T. sp. nov. A, B, and C for the purposes of this paper; sample, collection, and voucher information have been archived on the Botanical Society of America web site [http://ajbsupp. botany.org]). In some cases, variable taxa were collected on more than one island within a given archipelago, so that 30 total samples of Tolpis were included. We chose representatives from four genera (Andryala L., Chlorocrepis Monnier, Lactuca, and Reichardia) as outgroups based on the results of a recent ndhF phylogeny of the Lactuceae generated by Park et al. (2001) . One of the outgroup species, Chlorocrepis staticifolia, has been included within Tolpis by some authors in the past, but both morphology and the ndhF phylogeny indicate that this species is closely allied to Crepis. We have followed Jarvis (1980) in placing this species in the genus Chlorocrepis. Likewise, both morphological (Jarvis, 1980) and molecular (Park et al., 2001 ) studies allowed us to exclude Hieracium capense L. [formerly treated as Tolpis capensis (L.) Schultz Bip.] from the analysis as well. Finally, we chose to follow Jarvis (1980) in using the name T. succulenta for plants of both the Azores and Madeira Islands. However, it seems clear from observations in the field, as well as from our cpDNA restriction site data (Fig. 2) , that the plants Jarvis and others have referred to this name segregate into two species, one endemic to the Azores and the other to the Madeiran archipelago. We designate these two species T. succulentaAZ and T. succulentaMA, respectively, in this paper. We refrain from giving separate names to either species here due to the considerable nomenclatural confusion surrounding them (Jarvis, 1980) .
Leaf tissue of each sample was preserved in silica gel upon collection in the field. Total genomic DNA was extracted from this material using the standard CTAB method of Doyle and Doyle (1987) and was purified in CsCl/ ethidium bromide gradients (Sambrook, Fritsch, and Maniatis, 1989) . Cesium purified DNA was digested with 20 restriction enzymes whose recognition sequences varied in length as follows: 11 six base pair (bp) cutters (AseI, AvaII, BclI, BglII, ClaI, DraI, EcoO109I, EcoRI, HincII, NsiI, and XmnI) , 2 five bp cutters (BstNI and NciI), and 7 four bp cutters (BstUI, HaeIII, HhaI, HinfI, MspI, RsaI, and TaqI) . Two of these enzymes (DraI and TaqI) were subsequently deleted from the analysis due to a high frequency of incomplete DNA digestion. Restriction fragments were separated by agarose gel electrophoresis and bidirectionally transferred to reusable nylon membranes. DNA fragments on these membranes were hybridized to 32 P-labelled Lactuca cpDNA probes (Jansen and Palmer, 1987) . Restriction fragments were visualized by exposing the nylon membranes to X-ray film.
Low to moderate levels of restriction site divergence and low levels of fragment length variation enabled the interpretation of fragment patterns without constructing restriction site maps (Jansen, Wee, and Millie, 1998) . If a restriction site gain resulted in fragments too small to be observed, restriction site differences were scored by inferring the presence of small bands. When length variation could not be distinguished from restriction site variation, digest patterns from the same chloroplast region across multiple enzymes were examined in order to ensure that length variants were scored only once.
Restriction site mutations were coded as absent (0) or present (1). The single length change that was detected was scored as the hypothesized ancestral length (0) or derived length (1). The highest level of restriction site variation was observed among the outgroups, such that in a few cases it was difficult to determine the fragment homology among these taxa. In all of these instances the problems in outgroup fragment interpretation did not interfere with determining the corresponding fragment homology within Tolpis. Be- cause our primary interest lay in the phylogeny of Tolpis and not in the relationships among the outgroups, these ambiguities do not affect the conclusions of this paper.
We excluded three samples of Tolpis from the final phylogenetic analyses because their patterns of restriction site variation were identical to those of another sample of the same species. These deleted samples are marked with an asterisk in the voucher table (http://ajbsupp.botany.org). Only parsimonyinformative characters were included in the analysis. All parsimony analyses were performed on PAUP* version 4.0b4a (Swofford, 2000) . We performed a heuristic search using 100 random replicates, tree bisection-reconnection (TBR) branch swapping, and MULPARS optimization to find the shortest tree(s). Restriction site gains and losses and length changes were assigned equal weights in the analysis. Clade support was estimated using 10 000 bootstrap replicates (heuristic search using simple addition sequence and MUL-PARS off ; Felsenstein, 1985) . Because the Canary Islands endemic species for which multiple specimens were included in the analysis were polyphyletic (see RESULTS), we tested the monophyly of these species using a constraint tree in which all such species were monophyletic. The significance of the length difference between the resulting tree and the most parsimonious tree was tested using the compare 2 test with 100 replicates (Swofford, 2000) , the Kishino-Hasegawa test (Kishino and Hasegawa, 1989) , and the Templeton test (Templeton, 1983) , as implemented in PAUP* version 4.0b4a. We should note that recent work has called into question the validity of using the KishinoHasegawa test to compare topologies that have been specified a posteriori (Goldman, Anderson, and Rodrigo, 2000) . These authors indicate that the only useful result from such a test occurs when the P value rejects the null hypothesis at a level of 0.1 or higher. Because we obtained just such a P value, we chose to include the results of the Kishino-Hasegawa test in the analysis (see RESULTS). Finally, reconstructions of dispersal history and evolution of woodiness were performed using MacClade version 3.03 (Maddison and Maddison, 1992 ) with character states treated as unordered and all state changes weighted equally.
RESULTS
A total of 224 parsimony-informative restriction site changes is present in the data set (data matrix is archived at the Botanical Society of America web site [http://ajbsupp.botany. org] and at http://www.biosci.utexas.edu/IB/faculty/jansen/ datafiles/index.htm). One 0.2 kilobase (kb) indel that separates Andryala integrifolia, Lactuca serriola, and all Madeiran and Azorean Tolpis species from all other species in the analysis occurs within the inverted repeat region. Parsimony analysis of these characters results in 36 equally parsimonious trees of 293 steps with a consistency index (CI) of 0.765 (excluding autapomorphies) and a retention index (RI) of 0.872 (Fig. 2) .
The monophyly of Tolpis is supported by a large number of characters (110) and the highest possible bootstrap value (100%). Although restriction site variation within Tolpis is substantially lower than the variation among the outgroup taxa (which may reflect the isolated position that Tolpis may occupy within the Lactuceae), enough variation is present to allow the resolution of several groups within the genus with relatively high support. At least three major clades are evident in the cpDNA phylogeny ( Fig. 2) : one includes all of the Canary Island endemics along with the single Cape Verde endemic (T. farinulosa), a second includes both Azorean endemic species (T. azorica and T. succulentaAZ), and a third includes both continental species (T. barbata and T. virgata). All three groups are strongly supported by bootstrap values of 100%, 97%, and 91%, respectively. Relationships among these clades and the two species of Tolpis endemic to the Madeira Islands (T. macrorhiza and T. succulentaMA) are also resolved in our phylogeny, although with slightly weaker bootstrap support. The Canary/Cape Verde clade is sister to the two continental species, and this combined clade is sister to the Azorean species (although this combined clade has a lower bootstrap value of 66%). Collectively, this Canary/Cape Verde/continental group is sister to the Madeiran species T. macrorhiza, with moderate bootstrap support (74%). The most basal of all Tolpis species is the other Madeiran endemic, T. succulentaMA. Finally, there is little or no resolution within the large Canary Island/Cape Verde group of species. Only three clades are present within this group under strict consensus, and only one of these has a bootstrap proportion Ͼ50% (Fig. 2) . All of the Canary Islands species with multiple accessions included in our analysis are polyphyletic. However, constraining these species to be monophyletic results in a tree only five steps longer (298 steps vs. 293 steps). All three topology tests fail to reject the most parsimonious tree as a significantly better fit for the data relative to the constraint tree (P ϭ 0.71 for compare 2 test and P ϭ 0.46 for both the Kishino-Hasegawa and the Templeton tests).
Mapping biogeography onto the cpDNA phylogeny results in nine equally parsimonious reconstructions of dispersal (five steps each) among the archipelagos and the continent. These Fig. 3 . The nine most parsimonious reconstructions of dispersal history (five steps each) in Tolpis. The topology of each tree is identical and is based on the phylogeny in Fig. 2 . The abbreviations at each terminal branch represent the geographical areas to which a particular monophyletic clade of species in Fig. 2 is native. The root of each reconstruction is assumed to be the continent (Africa and Europe are taken together). Dispersal events from one region to another are indicated with vertical bars along a branch, with the region colonized indicated next to the bar. Only four dispersal events are illustrated in each tree; the dispersal of Tolpis from the Canary Islands to the Cape Verde Islands occurs in all reconstructions and is thus not mapped (nor is the distance for this dispersal included in the minimum distance score). The total minimum distance required for each reconstruction (D) is indicated below each tree. Abbreviations at terminal branches are as follows: AZ ϭ Azorean species of Tolpis; CI ϩ CV ϭ Canary Islands/Cape Verde Islands species of Tolpis; CONT ϭ continental species of Tolpis; MA (Tmac) ϭ lineage leading to Madeiran endemic T. macrorhiza; MA (Tsuc) ϭ lineage leading to Madeiran endemic T. succulentaMA; and CONT (out) ϭ outgroup species, native to the continent. Abbreviations for dispersal events are as follows: AZ ϭ dispersal to the Azores; CI ϭ dispersal to the Canary Islands; CO ϭ dispersal to the continent; and MA ϭ dispersal to the Madeira Islands. TABLE 1. Geographical distances among archipelagos and the continent used in computing minimum distance (D), including a list of islands and continental geographical features used in measuring the distances (see Fig. 1 for a graphical representation of these distances). Distances represent the nearest points between a given archipelago and another archipelago or the mainland and are estimated to the nearest 50 km. Estimates were measured from The Times comprehensive atlas of the world (TBG, 1999 scenarios are illustrated in simplified form in Fig. 3 . The nine reconstructions fall loosely into two groups based on the overall pattern of dispersal history: one of the scenarios (reconstruction 9) requires four separate introductions of Tolpis from the continent to Macaronesia (two dispersals to Madeira, one to the Azores, and one to the Canaries), while the other eight scenarios require initial dispersal of Tolpis from the mainland to the Madeira Islands, followed by extinction of the genus on the continent and subsequent continental recolonization. Within the latter group of reconstructions, there is little agreement as to which archipelago is the source of the existing continental species of Tolpis. Of these eight scenarios, three indicate that a Canary Islands species colonized the continent, three implicate a Madeiran species, and two implicate an Azorean species.
Distance method for ranking reconstructions-In order to evaluate which biogeographical scenarios might represent more likely hypotheses for explaining the current distribution of Tolpis, we developed a relatively simple method based on shortest geographic distances to rank the reconstructions. For each dispersal event within a given reconstruction, the minimum amount of distance that a Tolpis diaspore would have to travel between the two regions involved in that event was assigned. This distance was calculated by measuring the two closest points between any two archipelagos or between any archipelago and the continent (Table 1 and Fig. 1 ; see below for a discussion of the assumptions involved in determining these distances). Summing the total distance across all dispersal events in each scenario resulted in an overall minimum distance score (D) which was used to rank the reconstructions (these scores are listed under each reconstruction in Fig. 3) . Thus, under our assumptions, scenarios with lower scores should represent relatively more plausible hypotheses for the history of colonization within Tolpis. However, it should be noted that we made no attempt to determine the statistical significance of any score differences among dispersal hypotheses. Rather, we chose to use the distance scores as a guide in examining the relative importance of individual dispersal events within each reconstruction (e.g., the Azores was found to be the most important archipelago in determining D scores; see below). We therefore refrain from excluding any scenario based on distance score alone.
Assigning distances between landmasses requires several assumptions that deal with the distributions of both Tolpis and the Macaronesian islands during the evolution of the genus. Because the colonization events may have occurred over the last several million years, the actual distances between any two areas at the time of dispersal may have differed somewhat in [Vol. 89 AMERICAN JOURNAL OF BOTANY the past from modern distances, due to such forces as continental drift, sea level change, and the formation and destruction of oceanic islands. Sea level changes appear to have had the greatest influence on the sizes and distances among Macaronesian islands over the past few million years (García-Talavera, 1999). Reconstructions of ancient shorelines at the time of the latest glacial maximum (ϳ18 000 y ago, when sea levels were ϳ120 m lower than today) document not only that Macaronesian islands were larger and thus slightly closer to each other than at present, but also reveal the existence of several now-submerged islands (García-Talavera, 1999) . A number of these ancient islands lay between the Madeira archipelago and the Iberian peninsula, such that the single greatest overwater distance between Europe and what is now the Madeiran islands was ϳ200 km, rather than the modern 800 km. It is possible that Tolpis may have existed on these islands at some point and perhaps even reached the Madeira archipelago from these submerged islands rather than from elsewhere. However, because no information exists on the fossil floras of these islands, it was assumed that members of Tolpis have not inhabited those islands in the past. Likewise, within some of the Macaronesian archipelagos, Tolpis does not occupy every island available (Jarvis, 1980) . The Canary Islands provide one such example: neither Lanzarote nor Fuerteventura harbor any populations of island endemic Tolpis. Just as in the previous case, it is impossible to determine whether Tolpis ever inhabited these islands due to the lack of fossil evidence. As a result, it was assumed that Tolpis has not occupied these islands in the past, and consequently these two islands were ignored when measuring interarchipelago distances (i.e., the distance between Gran Canaria and the African mainland was used for computing D, rather than the distance between Fuerteventura and the mainland). Finally, because the absolute timing of the dispersal events implied in our reconstructions is unknown, it was assumed that the relative positions of the Macaronesian archipelagos to each other and to Europe and Africa have not changed substantially during the evolution of Tolpis. Thus, in the absence of information on fossil distributions and absolute timing of colonization events, the modern distances between landmasses were utilized in computing D.
The lowest overall distance scores occur in reconstructions 1 (D ϭ 2000 km) and 2 (D ϭ 2200 km), which both require continental extinction and recolonization. Reconstruction 9, involving four separate introductions to Macaronesia, has a higher score of 2800 km. In total, six reconstructions score as low or lower than reconstruction 9. The two highest scoring reconstructions (7 and 8) require at least two long-distance dispersal events to or from the Azores.
Finally, ancestral character state reconstruction makes it clear that stem woodiness is plesiomorphic with respect to the extant species of Tolpis (Fig. 2) . The topology of the tree in Fig. 2 indicates that the herbaceous annual habit evolved independently in two lineages: one leading to the Canary Islands endemic species T. coronopifolia and the other leading to the widespread continental species T. barbata.
DISCUSSION
Biogeography-Because all of the major clades are well resolved and well supported, the cpDNA phylogeny (Fig. 2) can be used as a framework for assessing the patterns of colonization among the island and continental species of Tolpis.
It is clear from the topology of the tree that Tolpis dispersed once to the Canary Islands (and from there to the Cape Verde Islands; see below) and once to the Azores, such that the endemic species inhabiting these island groups can be treated as single units in the discussion of dispersal history. The two modern continental species are also clearly sister taxa and so can be considered together as well. However, determining whether the ancestral colonizers of these areas originated in a specific Macaronesian archipelago or on the mainland is a more difficult task, due to the ambiguity in reconstructing the correct geographical area for many of the deeper nodes in the cpDNA phylogeny of Tolpis. For this reason the nine reconstructions of dispersal history conflict in explaining how Tolpis colonized these regions. However, examining these scenarios more closely reveals a few general biogeographic patterns that may point toward the true history of dispersal within the genus.
Ranking the nine reconstructions by our minimum distance metric favors the scenarios involving continental extinction and recolonization in Tolpis. Six of these eight reconstructions (1-6 in Fig. 3 ) have equally as low or lower scores than reconstruction 9, which stands alone in implying four separate Macaronesian invasions. Of these six scenarios, reconstructions 1 and 2 have the lowest overall distance scores. These two scenarios are remarkably similar, differing in only one dispersal event. In reconstruction 1, Tolpis initially colonizes the Madeiran Islands from a now extinct continental ancestor. The Madeiran archipelago then acts as a center of dispersal for the genus: from Madeira, Tolpis independently disperses to the Azores and the Canary Islands. These Canary Islands taxa then colonize the Cape Verde Islands and the continent. Reversing the direction of dispersal from the Canary Islands to the continent (i.e., dispersal directly from Madeira back to the continent and from there to the Canaries) results in reconstruction 2, which only requires an additional 200 km in minimum dispersal distance.
It is clear that the Azores represents the single most influential region in ranking the reconstructions due to the relative isolation of this island group. Because the greatest distances occur between the Azores and the continent and Canary Islands, dispersal events from the Azores to these regions, or vice versa, result in higher distance scores overall. This fact explains why reconstruction 9, which involves a long-distance dispersal event from the continent to the Azores, is outscored by five other reconstructions, none of which requires such a distance to be covered in one event. It also explains why the highest-scoring reconstruction (reconstruction 8) is nearly 1000 km longer than any other: this scenario requires two such long-range dispersals from the Azores. Using dispersal distance as a criterion in our phylogeographic analysis thus seems to favor derivation of the Azorean species of Tolpis from the Madeira Islands, with no further colonization to or from the Azores.
Even though this minimum distance scoring method allows for discerning some general patterns in biogeography, it is difficult to determine which scenario most closely resembles the true colonization history of Tolpis using this metric alone. Aside from geographic distance, factors such as relative landmass sizes and wind currents can also influence the likelihood of being carried from one region to another. For instance, dispersing from a small land mass to a large land mass (i.e., from an island group to a continent) is more likely than the reverse simply because a larger land area presents a larger target for diaspores (MacArthur and Wilson, 1967) . Thus it might be argued that reconstruction 2 should be favored over the similar but lower-scoring reconstruction 1 because, in the former scenario, Madeiran Tolpis disperses first to the large landmass (the continent) and from there to the small landmass (the Canary Islands), rather than the reverse (as seen in reconstruction 1). Likewise, patterns in wind direction could interact with distance to make a given colonization event relatively more or less likely. In Macaronesia, the more southern island groups (the Madeiras, Canaries, and Cape Verdes) are more commonly influenced by northeasterly trade winds than the more northern Azores archipelago, which is subject to mid-latitude westerlies (Leuschner, 1996) . For this reason, even though reconstructions implying long-distance dispersal from the Azores to the Canary Islands or the continent receive high scores due to the great distance between these areas, these scenarios cannot be excluded because the westerly wind currents near the Azores tend to blow diaspores toward these regions naturally (this is not to say that dispersal against the prevailing wind patterns is impossible in Macaronesia; in fact, Panero et al. [1999] have shown that Pericallis D. Don likely dispersed directly from the Canary Islands to both the Madeira Islands and the Azores). Wind currents such as these may have been particularly important in the dispersal of Tolpis, as the cypselas of many of its members possess long pappus setae (Jarvis, 1980) ; these fruits seem well suited for wind dispersal. In view of such confounding factors, it would be premature to select one of the nine reconstructions as closest to the true historical pattern of dispersal in Tolpis.
Even though we cannot fully determine which is correct, each of the nine scenarios, whether involving continental extinction/recolonization, multiple dispersals to Macaronesia, or both, presents a novel pattern of dispersal within the Macaronesian endemic flora. If any of reconstructions 1-8 is true, Tolpis would represent the first documented example of a plant group that successfully recolonized the continent from Macaronesia following extinction. To date, molecular evidence for dispersal of any kind from Macaronesia back to the continent has only been demonstrated in Aeonium (Crassulaceae; Mes, van Brederode, and t'Hart, 1996) . In contrast, Tolpis may have invaded the Atlantic islands four times, as implied by reconstruction 9. This pattern would still be unique among the Macaronesian flora (but not among the Macaronesian biota as a whole; Emerson, Oromí, and Hewitt [2000] have recently demonstrated that the carabid beetle genus Calathus has invaded Macaronesia at least four times). Molecular studies of other endemic Macaronesian plant groups have revealed that nearly all of these groups result from a single introduction from the mainland (e.g., in Argyranthemum [Francisco-Ortega et al., 1997] ; in the Bencomia Webb & Berthel. alliance [Helfgott et al., 2000] ; in Echium L. [Böhle, Hilger, and Martin, 1996] ; in Sideritis L. [Barber et al., 2000] ; and in the Sonchus alliance ). A few groups have been shown to have colonized Macaronesia twice (Ilex [Cuénoud et al., 2000] ; Lavatera [Ray, 1995; Fuertes-Aguilar et al., in press] ; Olea europaea L. [Hess, Kadereit, and Vargas, 2000] ), while Hedera appears to have invaded this region three times (Vargas et al., 1999) , the most of any group yet studied.
Finally, our data suggest that regardless of the sequence of colonization events within Tolpis, the Cape Verdean endemic T. farinulosa descends from a Canary Islands ancestor. Which of the modern Canary Islands species is most closely related to T. farinulosa cannot be discerned with confidence from the cpDNA restriction site data, however. Because of this ambiguity, it is difficult to determine the specific island within the Canaries that provided the ancestors of T. farinulosa. One shared character unites T. laciniata from the island of El Hierro with T. farinulosa, but this relationship is weakly supported (30% bootstrap value). It should be noted that Jarvis (1980) hypothesized a close relationship between these same species based on morphological similarity. Even though the exact relationships between T. farinulosa and the Canary Islands species are unresolved, the data clearly place it within this clade. The derivation of T. farinulosa from the Canary Islands is significant biogeographically because it implies a long-distance dispersal event from the Canary to the Cape Verde Islands. The results of the current study add to a growing list of molecular evidence linking the flora of these two archipelagos. Dispersal from the Canary Islands to the Cape Verde Islands has also been implied in molecular phylogenetic studies of Aeonium (Mort et al., in press) , Echium (Böhle, Hilger, and Martin, 1996) , and the Sonchus alliance .
For the same reasons that it is difficult to place T. farinulosa in the proper context of the Canary Islands endemics, it is also difficult to reconstruct the interisland colonization history of Tolpis within this archipelago. Although the parsimony analysis places all of the Canary and Cape Verde Islands endemics together in a strongly supported monophyletic group, it fails to find any significant grouping of species within this clade. In fact, only one grouping within the entire clade of Canary Island/Cape Verde species (between two specimens of T. laciniata from La Palma) is supported by a bootstrap value Ͼ50%. None of the Canary Islands endemic species for which multiple specimens are included in this analysis are monophyletic. However, a constrained parsimony analysis in which all conspecific samples are forced to be monophyletic results in a tree five steps longer (298 steps vs. 293 steps), which is a statistically insignificant length difference. This ambiguity makes it impossible not only to determine the monophyly of these species, but also precludes the reconstruction of any dispersal patterns among the various islands within this archipelago.
The underlying cause of our inability to hypothesize about the sequence and pattern of colonization events in the Canary Islands, i.e., low restriction site variation among the Canary Islands taxa, may indicate the possibility of a relatively recent colonization of the archipelago followed by rapid speciation. Many molecular studies of island plant groups have documented similarly low molecular variation among related island taxa, even in the face of strong morphological divergence (Baldwin et al., 1998) . It is important to mention, however, that variation in the rate of DNA sequence evolution between the Canary Islands clade and the other species of Tolpis may also explain the observed pattern. Perhaps a more variable molecular marker could resolve the relationships, and thereby the colonization history, among these Canary Islands taxa.
Evolution of woodiness-Another consequence of the topology of the cpDNA phylogeny is that woodiness is plesiomorphic in Tolpis (Fig. 2 ). An evolutionary reduction in woodiness has thus occurred in two separate lineages: once in the Canary Islands (T. coronopifolia) and once on the continent (T. barbata). The annual herbaceous habit in these lineages may have evolved in response to ecological conditions. Both of these species prefer relatively xeric, disturbed environments, in contrast to many of the other island endemics, which [Vol. 89 AMERICAN JOURNAL OF BOTANY typically inhabit the moister upland areas (Jarvis, 1980) . All of the latter species develop woody stems, although their particular growth habits vary (Jarvis, 1980) . That the herbaceous habit displayed by T. coronopifolia and T. barbata likely represents an evolutionary reduction in woodiness seems to be further supported by the fact that both species are able to produce wood under favorable environmental conditions. Jarvis (1980) reports that T. coronopifolia and T. barbata sometimes behave as biennials, and in such cases woody stem bases occasionally develop.
Although it is difficult to infer the exact sequence of habit evolution from the data, it is clear that woodiness is ancestral in Tolpis and that the herbaceous habit displayed by the annual forms is derived. This type of habit evolution has been documented only once before, in the Macaronesian endemic Crassulaceae. A recent combined molecular/morphological phylogeny of this group strongly suggests that woody island Aeonium gave rise to the herbaceous Canary Islands endemic genus Greenovia Webb in Webb & Berthel. (Mort et al., in press ). Recent molecular studies have indicated the opposite pattern (woody habit derived from herbaceous ancestors) to be common in Macaronesia (in Argyranthemum [Francisco-Ortega et al., 1997] ; in Echium [Böhle, Hilger, and Martin, 1996] ; in Ixanthus Griseb. [Thiv, Struwe, and Kadereit, 1999] ; in Pericallis [Panero et al., 1999] ; and in the Sonchus alliance ). We should note that our data do not rule out the island derivation of stem woodiness in Tolpis; in fact, they only support the plesiomorphy of this character state with respect to the modern taxa. Because most of the relatives of Tolpis within the Lactuceae are herbaceous, including the four genera we used as outgroups (Bremer, 1994) , it seems obvious that woodiness evolved at some point in the lineage of the last common ancestor of the extant species of Tolpis. Whether this event occurred on the continent or in Macaronesia cannot be determined with current evidence. If the initial colonizers of Tolpis in the islands were in fact woody, and if any of the reconstructions of dispersal history requiring continental extinction and recolonization are accurate, it would imply that the herbaceous continental species T. barbata evolved from woody island ancestors. This type of scenario conforms quite well to the predictions of Meusel, Bramwell, Cronk, and others with respect to the plesiomorphic condition of woodiness in the endemic Macaronesian flora (Lems, 1960; Meusel, 1965; Bramwell, 1976; Cronk, 1992) . They view many of the woody endemics in this region, especially in the humid forests, as relicts of a wider Mediterranean Tertiary flora known from fossil records throughout southern Europe and northern Africa. According to this hypothesis, as the Mediterranean region grew increasingly arid beginning in the late Miocene (Cronk, 1992) , many of these forest taxa were extirpated on the mainland, but survived in Macaronesia (principally in the ''laurisilva'' of Madeira and the Canary Islands), finding refuge in the stable island climate of these oceanic archipelagos (Meusel, 1965; Takhtajan, 1969; Bramwell, 1972 Bramwell, , 1976 Sunding, 1979; Cronk, 1992) . These researchers further believe that the evolution of herbaceous forms from these island relicts allowed them to recolonize the Mediterranean region. Thus they explain the numerous continental herbaceous relatives of the woody endemic flora of the Atlantic islands.
Most molecular research to date has failed to find any support for these relict hypotheses across numerous Macaronesian plant groups, instead finding that the woody island taxa usually occur in a derived position within their respective phylogenies.
The only two examples of probable relictual species that have been documented with molecular data are Lavatera phoenicea Vent. (Malvaceae; Fuertes-Aguilar et al., in press) and Plocama pendula Aiton (Rubiaceae; Bremer, 1996; Andersson and Rova, 1999) . In neither of these cases, however, can it be shown that these ancient species gave rise to continental descendants. In contrast, Tolpis may be an example of an endemic Macaronesian plant group that has speciated and successfully recolonized the mainland. The two continental species in this genus do in fact occur in a derived position in the cpDNA phylogeny, although it is not certain that these species are descended from island ancestors. Furthermore, it is clear that woodiness is plesiomorphic with respect to modern Tolpis, thus implying that the herbaceous mainland species T. barbata must be derived from woody ancestors. Finally, the ndhF sequence data collected by Park et al. (2001) indicate a comparatively long branch separating Tolpis from its nearest relatives, suggesting that this genus may represent an isolated lineage within the Lactuceae. If Tolpis was extirpated on the mainland following initial dispersal to Madeira, the resulting geographical restriction of the genus to Macaronesia might explain the observed phylogenetic isolation of this group (and similarly, the relatively long branch leading to Tolpis may indicate a long-term isolation in Macaronesia). For these reasons it seems that Tolpis may conform to the hypothesis that historically isolated, ancestrally woody Macaronesian endemics colonized the mainland in herbaceous form. However, at this point our analysis indicates only a possibility, and we should emphasize that our results were based on a single molecular data set. Further studies are needed to confirm the trends in biogeography and habit that have been suggested by these cpDNA restriction site data.
Conclusions-The colonization history in Tolpis appears to have followed one of two general modes: either the genus dispersed to Macaronesia on four separate occasions, always occupying the adjacent mainland, or it dispersed initially to the Madeira Islands, was extirpated on the continent, and then recolonized Europe and Africa. Which of these scenarios is correct is difficult to determine, although the simple distance metric we employed suggests that Tolpis was indeed extirpated on the continent at some point. Regardless of which reconstruction is correct, however, our cpDNA phylogeny implies that Tolpis dispersed in a novel fashion relative to other Macaronesian plant groups. Our results also indicate that Tolpis is unusual among island plant groups in that woodiness appears to be the ancestral state for all extant taxa in the genus. Finally, reviewing the data for biogeography and woodiness together reveals that Tolpis, unlike other Macaronesian plant groups studied so far by molecular means, may conform to the hypothesis that certain herbaceous Mediterranean plants are derived from woody Macaronesian ancestors. However, for this possibility to prove true, the two extant continental species of Tolpis must be definitively shown to descend from island progenitors. 
